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Description
FIELD OF USE

[0001] The present invention is an expandable stent
for insertion into a vessel of a human body for the pur-
pose of creating and maintaining the patency of that ves-
sel.

BACKGROUND

[0002] In U.S. Patent 5,697,971, Fischell et al de-
scribe a balloon expandable stainless steel vascular
stent with two different cell types. Cells containing an
"H"-shaped link to provide strength and cells having an
"S"-shaped link to provide increased flexibility and the
ability to open up access to side branch arteries. In ad-
dition, "S" links of the Fischell, et al invention attach to
the strut members at the center of the end of the end
struts. This increases the length of the "S" link along the
longitudinal axis of the stent as compared with off-center
attachment points. Finally, the "H" link of the Fischell et
al prior art stent increases the relative strength of the
section of the stent where it is used by shortening the
distance between adjacent sets of strut members as
compared to the distance between adjacent strut mem-
bers for the "S" links.

SUMMARY OF INVENTION

[0003] The currentinvention is a comparatively thick-
walled vascular stent comprising sets of strut members
connected by flexible links. This design uses a script "N"
shaped flexible link instead of the "S" link described by
Fischell et al in U.S. Patent 5,697,971. The "N" links,
instead of touching or overlapping during crimping, are
designed to nest one into the other, allowing the stent
to be both thick-walled and to crimp down without over-
lap onto a low profile balloon. The "N" links are attached
to the strut members not at the center like the "S" links
in the prior art, but off center near the end of the curved
end strut portion of each strut member. This off center
attachment point allows for a more flexible link without
increasing the cell size of the expanded stent. Small cell
size is desirable to limit plaque prolapse into the lumen
of the expanded stent. It is also desirable to replace the
"H" link described by Fischell et al in the prior art with a
short "J"-shaped, flexible link that will keep the struts
close together for strength but unlike the "H" link will not
detract from the stent's flexibility. To enhance flexibility,
the wire width of the "N" and "J" links is sometimes kept
less than 0.10 mm. The relatively thin strut width with
thick wall allows the "J" and "N" links to easily lengthen
and shorten during stent delivery into the body while still
allowing the stent to retain a considerable degree of ra-
dial strength.

[0004] An alternative embodiment of the flexible thick-
walled stent has also been envisioned where the "N" link
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has certain curved segments to further minimize stent
cell size. It is also conceived to increase flexibility by
using "M"-shaped or "W"-shaped links each having ad-
ditional undulations as compared to the "N" link.
[0005] Thus an object of this invention is to have a
multi-cell, thick-walled stent with at least two different
types of closed perimeter cells where every cell includes
at least one longitudinally extending flexible link.
[0006] Another object of this invention is to have a
stent with flexible links designed to nest inside each oth-
er when the stent is crimped down onto the balloon of a
balloon catheter so as to reduce the stent profile (i.e.,
to reduce the outer diameter).

[0007] Another object of this invention is to have a
stent with-flexible links having the shapes of a "J", in-
verted "J", an "N", inverted "N", a sine wave, "M" or "W".
[0008] Another object of this invention is to have a
stent with flexible links that are attached off center to the
curved ends of the strut members.

[0009] Still another objective of this invention is to
have a multi-cell stent with short flexible links forming
the part of the perimeter of one type of cell and longer
flexible links forming part of the perimeter of a second
type of cell.

[0010] Still another objective of this invention is to
have a thick-walled stent with "N" shaped links where
two of the three vertical segments of the "N" are curved
to minimize the longitudinal extent of the link and thus
minimize cell size for the expanded stent.

[0011] Still another object of this invention is to have
flexible links between sets of strut members where the
ratio of link width to link wall thickness is less than 1.0.
[0012] Still another object of this invention is to have
the struts at the ends of the stent be of a shorter length
as compared to struts at a central location so as to en-
hance the radial strength at the ends of the stent.

Still another objective of this invention is to have a stent
in which the sets of strut members are constructed from
several connected arcs of different radii with no straight
segments.

[0013] Still another objective of this invention is to
have a stent adapted for implantation at the ostium of a
vessel, the stent having an extremely flexible distal sec-
tion and a less flexible proximal section, the proximal
section being radially stronger than the distal section af-
ter stent expansion to its nominal diameter.

[0014] These and other important objects and advan-
tages of this invention will become apparent from the
detailed description of the invention and the associated
drawings provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1illustrates a flat, layout, two-dimensional
plan view of a prior art cylindrical stent in its pre-de-
ployed state.

[0016] FIG. 2 illustrates one embodiment of the
present invention represented as a flat, layout, two-di-
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mensional plan view of a multi-cell cylindrical stent in its
pre-deployed state.

[0017] FIG. 3isathree-dimensional, perspective view
of a flexible "N" link of the stent shown in FIG. 2.
[0018] FIG. 4 shows a flat, layout, two-dimensional
plan view of the cylindrical stent of FIG. 2, as it would
appear after deployment.

FIG. 5 illustrates another embodiment of the present in-
vention having an alternative arrangement of the "N"
and "J" links between sets of strut members, represent-
ed as a flat, layout two-dimensional plan view.

[0019] FIG. 6 illustrates another embodiment of the
present invention having a single type of flexible con-
necting link with the stent being represented by a flat,
layout two-dimensional plan view.

[0020] FIG. 7 illustrates another embodiment of the
presentinvention which has flexible sine wave links hav-
ing curved segments to allow closer spacing of the sets
of strut members thereby producing a relative reduction
in post-expansion cell size and increase in stent radial
rigidity.

[0021] FIG. 8 illustrates still another embodiment of
the present invention having the flexible sine wave links
of FIG. 7 for connecting the end pairs of sets of strut
members with "M" or "W" shaped links to connect cen-
trally located sets of strut members.

[0022] FIG.9illustrates an embodiment of the present
stent invention adapted for implantation at the ostium of
a vessel, the stent being shown as a flat, layout two-
dimensional plan view; the proximal section of the stent
having only "J" links and the distal section having only
flexible sine wave links.

[0023] FIGS. 10 and 11 illustrate yet another embod-
iment of the stent of the present invention, wherein the
links are only "N" links, and the stentis able to pass read-
ily along a curved lumen, but also able to impart struc-
tural rigidity upon expansion.

DETAILED DESCRIPTION OF THE INVENTION

[0024] FIG. 1 shows a prior art stent 1, as it would
appear if it were cut longitudinally and then laid out into
a flat, 2-dimensional configuration. It should be clearly
understood that the stent 1 is in fact cylindrical in shape,
which cylindrical shape would be obtained by rolling the
flat configuration of FIG. 1 into a cylinder with the top
points "A" joined to the bottom points "B". The stent 1 is
typically fabricated by laser machining of a thin-walled,
cylindrical, stainless steel tube.

[0025] The stent 1 has exactly two different types of
cells: namely, structural cells 7 and special expandable
cells 5. Both these cells are formed from end struts 3
and diagonal struts 8. The horizontal "H" links 6 form
part of the perimeter of the cells 7. The undulating "S"
links 4 form part of the perimeter of the expandable cells
5. Within the dotted lines of FIG. 1 is a set of strut mem-
bers 2, which is a closed, ring-like, cylindrical segment
of the stent 1 consisting of a set of connected end struts
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3 and diagonal struts 8. The stent 1 also has adjacent
sets of strut members 2 that are connected either by
multiple "H" links 6 or by multiple "S" links 4. A limitation
of the prior art stent 1 is that in crimping the stent 1 down
to the small diameters associated with low profile bal-
loons on balloon delivery catheters, the top 9 of one "S"
link 4 will come into contact with the bottom 11 of the "S"
link 4 that is situated just above the "S" link 4. This may
either limit the ability of the stent 1 to crimp further down
when the "S" links 4 touch, or will cause the "S" links 4
to overlap. In thin-walled stents with wall thickness less
than 0.08 mm, it may be acceptable for the "S" links to
overlap, but as wall thickness increases to 0.10 mm and
beyond, overlapping is much less acceptable.

This is because the overlapped struts will increase the
outside diameter (i.e., the profile) of the non-deployed
stent as crimped onto a balloon. In stents of wall thick-
ness of 0.12 mm (known to be a wall thickness for stain-
less steel stents that provides good radio-opacity under
fluoroscopy), it is desirable to have a flexible link with a
shape that will not touch or overlap as the stent is
crimped down on low profile balloons.

[0026] The rigid "H" link 6 of the stent 1 which is de-
signed to reduce the separation of adjacent sets of strut
members 2 for increased radial strength, limits the flex-
ibility of the stent 1 and the ability of each set of strut
members 2 to expand independently.

[0027] FIG. 2 illustrates one embodiment of the
present invention which is the stent 10 in its crimped,
pre-deployed state as it would appear if it were cut lon-
gitudinally and then laid out into a flat, 2-dimensional
configuration. It should be clearly understood that the
stent 10 is in fact cylindrical in shape, which cylindrical
shape would be obtained by rolling the flat configuration
of FIG. 2 into a cylinder with the top points "C" joined to
the bottom points "D". The stent 10 is typically fabricated
by laser machining of a cylindrical, stainless steel tube.
[0028] A set of strut members 12 (as shown within the
dotted rectangle 12) is a closed, cylindrical, ring-like
section of the stent 10 comprising six pairs of longitudi-
nally separated curved end struts 13 connected by di-
agonal struts 18. Although the set of strut members 12
consists of twelve curved end struts 13 connected to
twelve diagonal struts 18, it is envisioned that embodi-
ments of the present invention stent can be constructed
using sets of strut members with as few as eight curved
end struts 13 with eight diagonal struts 18, or as many
as twenty-four curved end struts 13 with as many as
twenty-four diagonal struts 18. The set of strut members
can be said to consist of a multiplicity of strut elements
with each strut element consisting of one curved end
strut 13 joined to one diagonal strut 18.

[0029] Except at the extreme ends of the stent, every
curved end strut 13 is attached to a connecting link that
is either an "N" link 14 or a "J" link 16.

[0030] A stent 10 that is thus fully connected is called
a "closed cell" stent. Another way to describe the fully
connected configuration of the stent 10 is as multiple
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longitudinally spaced sets of strut members 12 inter-
connected by either sets of flexible "N" links 24 or sets
of flexible "J" links 26. Each set of flexible "N" links 24
comprising multiple circumferentially spaced "N" links
14 with each "N" link 14 being connected to two curved
end struts 13 of adjacent sets of strut members 12. The
number of "N" links 14 in the set of "N" links 24 is one-
half of the total number of curved end struts 13 in the
set of strut members 12. Each set of flexible "J" links 26
consists of multiple circumferentially spaced "J" links 16
with each "J" link being connected to two curved end
struts 13 of the adjacent sets of strut members 12. The
number of "J" links 16 in the set of "J" links 26 is one
half of the total number of curved end struts 13 in the
set of strut members 12.

[0031] Asseenin FIG. 2, each "N" link 14 consists of
four generally longitudinally extending curved segments
21B connected by three generally straight circumferen-
tially extending segments 19B. Each "J" link 16 consists
of two generally longitudinally extending curved seg-
ments 21A connected by a straight circumferential seg-
ment 19A.

[0032] The stent 10 can be described as having adja-
cent sets of strut members 12 that are connected either
by multiple "N" links 14 or by multiple "J" links 16. Each
"N" link 14 is shaped so as to nest together into the ad-
jacent "N" link 14 as is clearly seen in FIG. 2. "Nesting"
is defined as having the top of a first flexible link inserted
beyond the bottom of a second flexible link that is situ-
ated just above that first flexible link and the bottom of
that first flexible link is inserted just below the top of a
third flexible link that is situated just below that first flex-
ible link. Thus, a stent with nested individual flexible
links has each individual flexible link nested into both
adjacent flexible links; i.e., the flexible link directly below
and the flexible link directly above that individual flexible
link. This nesting permits crimping of the stent 10 to
smaller diameters than the prior art stent 1 of FIG. 1 with-
out having the "N" links 14 overlap. In the embodiment
of FIG. 2, the curved end struts 13 of the sets of strut
members 12 are designed so that they touch as shown
in FIG. 2 when the adjacent flexible links 14 or 16 are
nested within each other.

[0033] The pre-deployed stent 10 bends easily as it
goes around curved arteries because the "N" links 14
can easily lengthen on the outside of the bent stent and
shorten on the inside of the bent stent. Each curved end
strut 13 of FIG. 2 is shaped like a half-annulus with an
arc center 51 and two ends 45. The attachment point 55
for the "N" link 14 to the curved end strut 13 is not at the
center point 51 of the curved end strut 13 but at a loca-
tion between the center point 51 and the end point 45
of the curved end strut 13. This allows each and every
generally circumferential segment 19B of the "N" links
14 to be made longer than if the attachment point was
near the center point 51 of the curved end struts 13. The
longer the circumferential segment 19B of the "N" link
14, the more lever arm will be available to allow flexure
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of the "N" link 14. This provides improved stent flexibility
that is an advantage of this design. It should be noted
that the circumferential segments 19B are all of approx-
imately the same length. It should also be noted that
each end point 45 of the curved end strut 13 is the junc-
tion point where each diagonal strut 18 is joined to each
curved end strut 13.

[0034] By replacing the "H" link 6 of the prior art stent
1 of FIG. 1 with the "J" link 16 of FIG. 2, there is enough
flexure between the sets of strut members 12 connected
by the "J" links 16 to permit each to expand independ-
ently. The "J" links 16 serve the same purpose as the
"H" links 6 of FIG. 1. That purpose being to fully connect
adjacent sets of strut members 12 so that the adjacent
sets of strut members 12 are longitudinally close to one
another thus providing smaller expanded cells and in-
creased radial strength to each end of the stent. Each
"J" link 16 has two longitudinally extending curved seg-
ments 21A that are joined to one generally circumferen-
tially extending segment 19A.

[0035] FIG. 3 is a 3-dimensional, perspective view of
the flexible "N" link 14 of the stent 10 of FIG. 2. As seen
in FIGS. 2 and 3, the "N" link 14 comprises four generally
longitudinally extending curved segments 21B connect-
ed by three generally circumferentially extending seg-
ments 19B with each "N" link 14 having two ends that
are identically the attachment point 55 where the "N" link
14 connects to the curved end strut 13. The "N" link 14
shown in FIG. 3 has a strut width 15 as measured in a
direction that is generally along the surface of the stent
that is smaller than the wall thickness 25 as measured
in a radial direction from the stent's longitudinal axis 28.
The strut width 15 for a coronary stent should be less
than 0.10 mm to provide good flexibility while the wall
thickness 25 should be greater than 0.10 mm to provide
good stent radio-opacity. Ideally the ratio of the width 15
to the thickness 25 should be less than 1.0 and prefer-
ably less than 0.8. For a coronary stent, the nominal strut
width 15 would typically be 0.08 mm and the nominal
wall thickness 25 would typically be 0.12 mm. The com-
bination of thin strut width 15 and thick wall thickness
25 will allow the "N" link 14 to easily lengthen and short-
en for increased stent flexibility while making the "N" link
14 relatively stiff with respect to bulging inward into the
lumen of the stent 10. This stiffness will enhance the
ability of the "N" link 14 to push outward against plaque
in a coronary artery after the stent 10 is deployed. In
addition to improved flexibility, the thin width 15 of the
"N" link 14 will allow it to stretch during stent expansion
to reduce the foreshortening of the stent 10.

[0036] Optimization of strength to flexibility of con-
necting "N" links will be further discussed in the embod-
iment of FIG. 10, infra, which will enhance other desired
characteristics of the "N" links.

[0037] FIG. 4is a 2-dimensional representation of the
cylindrical stent 10" after deployment; i.e., after radially
outward expansion. It should be clearly understood that
the stent 10' is in fact cylindrical in shape, which cylin-
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drical shape would be obtained by rolling the flat config-
uration of FIG. 4 into a cylinder with the top points "C'"
joined to the bottom points "D'". FIG. 4 shows how the
stent 10 of FIG. 2 would appear after expansion. FIG. 4
also shows the deployed structural cells 36 having on
their perimeter two of the "J" links 16 and the deployed
special expandable cells 34 having on their perimeter
two of the flexible "N" links 14.

[0038] It should be noted that circumferentially ex-
tending sets of cells 34 and 36 are formed into ring-like,
circumferential, cylindrical sections with (in this case)
exactly six cells per cylindrical segment. Typically a mul-
ti-cell stent would have at least three cells per circum-
ferential cylindrical section. The stent 10' has exactly
two cylindrical sections 37 of structural cells 36 and four
cylindrical sections 35 of expandable cells 34.

[0039] Prior to deployment, the "N" links 14 of the
stent 10 of FIG. 2 provide greatly enhanced longitudinal
flexibility for the stent 10. This allows for easier place-
ment of the stent 10 through highly curved coronary ar-
teries.

[0040] FIGS. 2 and 4 clearly show that the "J" link 16
is much shorter in length as compared to the "N" link 14.
Therefore, the perimeter length of the cells 34 is longer
that the perimeter length of the cells 36. Therefore, as
compared to a cell 36, not only is it easier to expand a
cell 34 by placing a balloon through that cell for side
branch access and inflating that balloon to a high pres-
sure, but each cell 34 is also expandable to a greater
diameter as compared to any cell 36. Since only the
center section of the stent 10" would be placed over the
ostium of an arterial side branch, "J" links 16 are used
only between the end pairs of sets of strut members 12'.
Having structural cells 36 at the ends of the stent 10" will
increase the radial strength of the stent 10' at the ends.
This has merit because the ends of a stent tend to be
weaker than the center as the sets of strut members 12"
at the end of the stent 10" are connected to only one
adjacent set of strut members 12'. Having expandable
cells 34 in the central region (with each cell having a
longer perimeter length) of the stent will allow use of a
second balloon to create an opening in the stent 10" at
the site of a stent side branch.

[0041] FIG. 5 shows the stent 20 which is another em-
bodiment of the present invention in its crimped, pre-
deployed state as it would appear if it were cut longitu-
dinally and then laid out into a flat, 2-dimensional con-
figuration. The stent 20 like the stent 10 of FIG. 2 has
curved end struts 13 and diagonal struts 18 with each
set of strut members 12 connected by sets of flexible
links 19, 24 or 27. In this embodiment, three different
types of flexible links are used. A set of "N" links 24 com-
prising six circumferentially spaced "N" links 14 and a
set of inverted "N" links 27 comprising six circumferen-
tially spaced inverted "N" links 17 each connect to ad-
jacent sets of strut members 12 at the ends of the stent
20. A set of inverted "J" links 29 comprising six circum-
ferentially spaced inverted "J" links 19 are used to con-
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nect the adjacent sets of strut members 12 in the center
of the stent 20. The shape of the "N" links 14 and invert-
ed "N" links 17 facilitate the links' ability to lengthen and
shorten as the stent bends around a curve during deliv-
ery into the human body. This ability to lengthen and
shorten helps to prevent the sets of strut members from
being pushed or pulled off the balloon during delivery
into the body and is particularly applicable to short stents
that tend to have relatively poor stent retention onto an
inflatable balloon. The stent 20 with its greater strength
at its central region would advantageously be used for
comparatively short stenoses that have a tough, calci-
fied central section. It should also be understood that a
regular "J" link could be used for the stent 20 in place of
the inverted "J" link 19.

[0042] FIG. 6 shows yet another embodiment of the
present invention which is a stent 30 in its crimped, pre-
deployed state as it would appear if it were cut longitu-
dinally and then laid out into a flat, 2-dimensional con-
figuration. The stent 30 comprises end sets of strut
members 32 located at each end of the stent 30 and
three center sets of strut members 12 connected each
to the other by sets of flexible "N" links 24. The end sets
of strut members 32 consist of curved end struts 33 and
diagonal struts 39. The center sets of strut members 12
located longitudinally between the end sets of strut
members 32 consist of curved end struts 13 and diago-
nal struts 18. One curved end strut (such as the curved
end strut 13) that is joined at a junction point to one di-
agonal strut (such as the diagonal strut 18) is defined
herein as a strut element (such as the strut element 38
of FIG. 6). In this embodiment, the diagonal struts 39 of
the end sets of strut members 32 are shorter in length
than the diagonal struts 18 of the central sets of strut
members 12. The shorter diagonal struts 39 will in-
crease the post-expansion strength of the end sets of
strut members 32 as compared with the central sets of
strut members 12. The stent 30 also differs from the
stent 10 of FIG. 1 and the stent 20 of FIG. 3 in that all
of the adjacent sets of strut members 32 or 12 are con-
nected with "N" links 14. The stent 30 has no "J" links
16 as shown in the stent 10 of FIG. 2. Also as shown in
FIG. 2, each "N" link 14 has three generally circumfer-
entially extending segments 19 that run in an approxi-
mately circumferential direction. When crimped onto a
balloon, a stent's ability to avoid sliding on the balloon
is related to the ratio of circumferentially placed metal
segments to longitudinally extending segments. The
three circumferentially extending segments 19 of the "N"
link 14 provide a significant amount of circumferentially
placed metal to assist in stent retention. In addition, the
end set of strut members 32 will stay crimped down on
a balloon even as the balloon catheter is repeatedly ad-
vanced around a sharp bend because the "N" links 14
can easily lengthen and shorten to adjust the stent
length on the outside and inside of the bend respective-
ly.

[0043] FIG. 7 shows the stent 40, which is still another
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embodiment of the present invention. The stent 40 is
shown in its crimped, pre-deployed state, as it would ap-
pear if it were cut longitudinally and then laid out into a
flat, 2-dimensional configuration. It should be clearly un-
derstood that the stent 40 is in fact cylindrical in shape,
which cylindrical shape would be obtained by rolling the
flat configuration of FIG. 7 into a cylinder with the top
points "E" joined to the bottom points "F". The stent 40
is typically fabricated by laser machining of a cylindrical,
stainless steel tube.

[0044] A central set of strut members 42 is a cylindri-
cal, closed, ring-like section of the stent 40 consisting
of six pairs of longitudinally separated curved end struts
43 connected by curved diagonal struts 48. Each of the
curved diagonal struts 48 has two connected curved
segments 48A and 48B that are fixedly attached at an
inflection point 48C. A curved diagonal 48 has an ad-
vantage over a straight diagonal 18 (of FIG. 2) because,
for the expansion of the stent to the same diameter into
an artery, the strain in the metal of each set of strut mem-
bers is reduced. Every curved end strut 43 of a central
set of strut members 42 is attached to either a connect-
ing link which is an sine wave link 44 or a curved "J" link
46. The stent 40 also has two end sets of strut members
52 comprising six pairs of longitudinally separated
curved end struts 53 connected by curved diagonal
struts 58. The central set of strut members 42 is situated
longitudinally between the two end sets of strut mem-
bers 52. Each of the two end sets of strut members 52
is joined to a central set of strut members 42 by a mul-
tiplicity of individual curved "J" links 46. Each central set
of strut members 42 is joined to an adjacent central set
of strut members 42 by a multiplicity of individual sine
wave links 44. In this embodiment, half of the curved
end struts 53 of the end set of strut members 52 are
attached to the curved "J" links 46, the other half of the
curved end struts 53 are at the extreme ends of the stent
40. The stent 40 has curved diagonal struts 58 of the
end sets of strut members 52 that are shorter than the
curved diagonal struts 48 of the central sets of strut
members 42. Shorter diagonal struts enhance the post-
expansion radial strength of the end sets of strut mem-
bers 52 as compared to the central sets of strut mem-
bers 42. This is desirable as the end sets of strut mem-
bers 52 are only connected to adjacent sets of strut
members 42 on one side.

[0045] As seenin FIG. 7, the sine wave links 44 con-
sist of a set of four generally longitudinally extending
curved segments 41 at the top and bottom, a straight
circumferential section 49 at the center and two curved
circumferential segments 47 which run parallel to the
curved end struts 43 of the sets of strut members 42.
The stent 40 differs from the stent 10 of FIG. 2 as the
sine wave links 44 of the stent 40 replaces the three gen-
erally straight circumferential segments 19B of the "N"
link 14 of the stent 10 with two curved circumferential
segments 47 and one generally straight segment 49.
Use of the curved circumferential segments 47 creates
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a reduced longitudinal separation of the adjacent sets
of strut members 42 connected by the sine wave links
44 as compared to the separation of the sets of strut
members 12 connected by the "N" links 14 of FIG. 2. A
reduced longitudinal separation of adjacent sets of strut
members 42 will result in a smaller expanded cell size
for the stent 40 as compared to the stent 10, all other
dimensions being equal. This provides slightly in-
creased radial rigidity when the stent 40 is deployed be-
cause there are more sets of strut members 42 per unit
length of the stent 40 as compared with the number of
sets of strut members 12 of the stent 10. The curved
circumferential segments 47 are designed to allow the
laser used in cutting the stent 40 the minimum slot width
between the outside of the curved strut 43 and the inside
of the thin curved section 47. The curved "J" links 46 of
the stent 40 also have a similar curved shape parallel to
the curved struts 43 or the curved struts 53.

[0046] The stent 60 shown in FIG. 8 is a flat layout of
an ultra-flexible embodiment of the present invention
shown in its crimped pre-deployed state as it would ap-
pear if it were cut longitudinally and then laid out into a
flat, 2-dimensional configuration. It should be clearly un-
derstood that the stent 60 is in fact cylindrical in shape,
which cylindrical shape would be obtained by rolling the
flat configuration of FIG. 8 into a cylinder with the top
points "G" joined to the bottom points "H". The stent 60
is typically fabricated by laser machining of a cylindrical,
stainless steel tube.

[0047] A central set of strut members 62 is a cylindri-
cal, closed, ring-like section of the stent 60 consists of
a set of connected, curved end struts 63 and curved di-
agonal struts 68. Every curved end strut 63 of a central
set of strut members 62 is attached to a connecting link
which is either a flexible "M" link 64 or a "W" link 84. The
stent 60 also has two end sets of strut members 72 con-
sisting of a set of connected, curved end struts 73 and
curved diagonal struts 78. In this embodiment, half of
the curved end struts 73 of the end set of strut members
72 are attached to sine wave links 44, the other half of
the curved end struts 73 are at the extreme ends of the
stent 60. The curved diagonal struts 78 of the end sets
of strut members 72 are shorter than the curved diago-
nal struts 68 of the central sets of strut members 62.
Shorter diagonal struts enhance the post-expansion ra-
dial strength of the end sets of strut members 72 as com-
pared to the central sets of strut members 62. This is
desirable as the end sets of strut members 72 are only
connected to adjacent sets of strut members 62 on one
side and are therefore naturally weaker.

[0048] Each sine wave link 44 of the stent 60 has four
curved longitudinally extending segments 41, two
curved circumferentially extending segments 47 and
one generally straight circumferentially extending seg-
ment 49.

[0049] The stent 60 has two sets of flexible links 74
each consisting of six individual flexible "M" links 64. The
"M" links 64 consist of a set of five generally longitudi-
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nally extending curved segments 61 at the top and bot-
tom, two generally straight circumferentially extending
segments 69 in the center and two curved circumferen-
tially extending segments 67 which run parallel to the
curved end struts 63 of the sets of strut members 62.
The stent 60 differs from the stent 40 of FIG. 7 in that
the "M" links 64 of the stent 60 have one more generally
longitudinally extending curved segment 61 and one
more generally straight circumferential segment 69 as
compared to the sine wave links 44 of the stent 40.
[0050] The stent 60 has two sets of flexible links 94
each consisting of six individual flexible links "W" links
84. The "W links 84 comprise a set of five generally lon-
gitudinally extending curved segments 81 at the top and
bottom, two generally straight circumferential segments
89 in the center and two curved circumferentially ex-
tending segments 87 which run generally parallel to the
curved end struts 63 of the sets of strut members 62.
The "W" link 84 is the mirror image of the "M" link 64. It
is obvious that any flexible link described herein could
be connected at the center of any of the curved end seg-
ments of the set of strut members that are described
herein.

[0051] The stent 90 of FIG. 9 is still another embodi-
ment of the present invention shown in its crimped pre-
deployed state, as it would appear if it were cut longitu-
dinally and then laid out into a flat, 2-dimensional con-
figuration. The stent 90 is adapted to be placed at the
ostium of a vessel of the human body such as a renal
artery. The stent 90 has a proximal section 94 and a dis-
tal section 95. The proximal section 94 is constructed
from five shortened sets of strut members 92 connected
by sets of flexible curved "J" links 96. Each set of strut
members 92 consists of six pairs of curved end struts
93 connected by curved diagonal struts 98. Each set of
flexible curved "J" links 96 consists of six circumferen-
tially spaced curved "J" links 46 identical to the "J" links
46 of the stent 40 of FIG. 7.

[0052] The distal section 95 of the stent 90 is con-
structed from three sets of strut members 42 connected
by sets of flexible sine wave links 99. Each set of strut
members 42 consists of six pairs of curved end struts
43 connected by curved diagonal struts 48. Each set of
flexible sine wave links 99 consists of six circumferen-
tially spaced sine wave links 44 identical to the sine
wave links 44 of the stent 40 of FIG. 7.

[0053] The distal section 95 of the stent 90 will be
more longitudinally flexible than the proximal section 94
because of the presence of the sine wave links 44. After
being deployed, the proximal section 94 will be radially
stronger than the distal section 95 for two reasons. First,
the proximal section 94 has five strong sets of strut
members 92 over approximately the same longitudinal
length as the three sets of strut members 42 of the distal
section 95. Second, each strong set of strut members
92 has shorter curved diagonals 98 as compared to the
curved diagonals 48 of the sets of strut members 42.
Shorter diagonals produce increased radial strength for
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a deployed stent. It should be understood that the prox-
imal section 94 that would be placed near the ostium of
an artery should have greater radial strength to prevent
the ostium from closing. Also, the distal section 95
should have increased flexibility so as to more easily
make the turn to enter the ostium of a vessel such as
the renal artery.

[0054] Turning to Figures 10 and 11, it can be seen
that this particular stent 100 contains only "N" links 101.
The "N" links 101 contained in the stent 100 are rela-
tively flexible as compared to the struts 102 forming seg-
ments 103 of stent 100. Of course, it is to be realized
that the relative flexibility of these segments 103 is pre-
ferred so that the stent 100 is able to conform to the
arterial wall. As the stent 100 is delivered, the stretching
and compression of the "N" links 101 in a plane parallel
to the cylindrical surface S of the stent 100 help it
achieve its flexibility. (Viewed in another way, the stent
100 has a longitudinal axis L, which attempts to approx-
imate the longitudinal axis L' of the arterial wall W. When
one views the cylindrical surface S of the stent 100, it is
desirable for this surface S to stay parallel to walls W,
and for the longitudinal axis L' to run co-linear with lon-
gitudinal axis L.)

[0055] After the stent 100 is delivered to the lesion
site, and expanded, the balloon used for expansion
tends to "straighten" the flexible "N" links, as well as the
vessel itself. Thereafter, the balloon is deflated, and re-
moved. Thus, when the stent 100 is fully deployed with
the balloon removed, the segments 103 flex in the plane
of the stent 100, to help the stent 100 conform to the
vessel wall. The nominal stiffness of the stent struts 102
is such that the stent 100 is allowed to stay parallel to
the wall W during delivery and positioning. This is
achieved by a careful optimization of the size of the
struts 102 and the "N" links 101. That is, "N" links 101
are optimized in a different fashion from previous em-
bodiments, so that they are still flexible, yet stiffer upon
expansion because they are kept larger in their width
than their thickness. It has been found that a width that
is at least 1-% times greater than the thickness of the
link 101 enables the "N" link 101 to be well apposed to
the wall W of the blood vessel. In this fashion, the walls
of the stent 100 now are maintained against the wall of
the lumen of the artery at all locations (in other words,
at segments 103 and at "N" links 101) post-expansion.
[0056] This dimensional requirement of a ratio of strut
width to thickness greater than 2.0 means that for a link
101 having a thickness of 0.05 mm, will have a width of
at least 0.10 mm. It has been found that a combination
of "N" link 101 having a width of 0.0024" combined with
thickness of 0.0055" works ideally for a coronary stent
having a nominal expansion diameter of 2.5 - 4.0 mm.
Of course, the applicability of this concept applies equal-
ly to all flexible connecting type links, such as the "J"
links, "M" links, "W" links and sine link described
throughout this specification. Also, it applies equally to
balloon expandable and self-expanding stents.
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[0057] Although the descriptions herein show individ-
ual, flexible "J", curved "J", "M", "N", "W" and sine wave
links in specific configurations, it is envisioned that any
combination of these flexible links or inverted flexible
links can be utilized. Similarly, although end sets of strut
members having shorter diagonals have been shown in
FIGS. 6, 7 and 8, it is envisioned that sets of strut mem-
bers having shorter diagonals might be used at any po-
sition along the length of the stent. It is also envisioned
that any of the individual flexible links described herein
could be connected to a center point of the adjacent
curved end strut. For example, in FIG. 2, the attachment
point 55 at the end of the "N" link 14 could be connected
to the center point 51 of the curved end strut 13.
[0058] Although the stents described herein would
principally be used in arteries, they could also be applied
to other types of vessels of the human body such as
veins, vascular graphs, and bronchial tubes in the lung
or the bile duct in the liver.

[0059] To clearly define the various shapes of the flex-
ible links that are single, undulating structures that ex-
tend generally in a longitudinal direction, the following
definitions shall apply:

1. "J" link: a generally longitudinally extending flex-
ible structure having two generally longitudinally ex-
tending curved segments that are joined by one cir-
cumferentially extending segment as shown by el-
ement 16 of FIGS. 2 and 4.

2. Inverted "J" link: the mirror image of the "J" link
defined in 1 above as shown by element 19 of FIG.
5.

3. "N"link: a generally longitudinally extending flex-
ible structure having four generally longitudinally
extending curved segments that are joined by three
generally straight circumferentially extending seg-
ments of approximately equal length; as shown by
the element 14 of FIGS. 2, 3, 4, 5, 6, 10 and 11.

4. Inverted "N" link: the mirror image of the "N" link
as defined in 3 above; as shown by element 17 of
FIG. 5.

5. Sine-wave link: a flexible link that has two curved
generally circumferentially extending end seg-
ments and one generally straight circumferentially
extending segment that is situated between the
curved segments instead of the three generally
straight circumferentially extending segments of the
"N" link. The sine wave link is illustrated as element
44 of FIGS. 7, 8 and 9.

6. "M" link: a generally longitudinally extending flex-
ible structure having five generally longitudinally ex-
tending curved segments that are connected to-
gether by four generally circumferentially extending
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segments of approximately equal length; as shown
by element 64 of FIG. 8.

7. "W" links: The same as the "M" links defined
above, except that it is turned upside down; as
shown by element 84 of FIG. 8.

[0060] Various other modifications, adaptations, and
alternative designs are of course possible in light of the
above teachings. Therefore, it should be understood at
this time that within the scope of the appended claims,
the invention could be practiced otherwise than as spe-
cifically described herein.

Claims

1. A stent comprising a plurality of relatively rigid seg-
ments, each pair of segments connected by at least
one relatively flexible connector, each of said flexi-
ble connectors comprising a link with a width and a
thickness, and the ratio of the width of said link to
said link thickness greater than 1.5.

2. Agenerally flexible stent with generally flexible con-
nectors, each of said flexible connectors comprising
a link with a width and a thickness, and the ratio of
the width of said link to said link thickness greater
than 1.5.

3. Astent having a longitudinal axis, said stent intend-
ed for delivery into a body lumen, and said stent
comprising a series of stent segments interconnect-
ed by a series of flexible connectors, said flexible
connectors made from links having a width to thick-
ness ratio of greater than 1.5, said ratio enabling
bending generally parallel to both the longitudinal
axis of the stent and the longitudinal axis of said
body lumen into which the said stent is to be deliv-
ered, along all longitudinal positions of said stent.
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